It has been assumed in the past that the lipid moieties of endotoxic lipopolysaccharides are quite similar if not identical. This has been tested in the reported work here, where the chemical composition and biological activities of the glycolipids of two heptoseless Re mutants, Salmonella minnesota R595 and Salmonella typhimurium SL1102, have been studied and compared. The two glycolipids, extracted with chloroform-methanol (4:1), showed identical thin-layer chromatographic patterns. The molar ratios for hexosamine, fatty acids, phosphorus, 2-keto-3-deoxyoctonate, total amines, and total nitrogen of the purified glycolipids were in the same range, but small differences could be established. Both glycolipids contained the same major fatty acids, i.e., lauric, myristic, palmitic, and 3-hydroxymyristic acids, in similar but not identical ratios. On paper electrophoresis, the acid hydrolysates of the two glycolipids showed analogous components. In the determination of molecular weight, whereas S. minnesota R595 glycolipid did not show concentration dependence, the molecular weight measured for S. typhimurium SL1102 increased with its concentration. The molecular weight of the fully endotoxic R595 glycolipid has been found to be 17,000 ± 1,500. Both glycolipids showed similar activities in the Shwartzman skin reaction, Limulus-lysate clotting assay, mouse lethality, and enhancement of nonspecific resistance, but the R595 preparation appeared to be more active on a weight basis in some parameters than SL1102. Using passive hemagglutination, we observed cross-reactivity between the glycolipids. In the gel-diffusion test, they revealed clear identity. The antiserum against S. minnesota R595 neutralized the Shwartzman skin reactivity not only of R595 but also of SL1102 glycolipid. These results confirm that there are identical immunodeterminant group(s) in the two glycolipids. On the other hand, chemical analytical data for two glycolipids showed only similarities, indicating that although both glycolipids are of comparable chemical nature, differences between them exist.
The use of rough mutants for the structural studies of the 0 side chain as well as "core" structure in bacterial lipopolysaccharides (LPS) was introduced by Luderitz et al. (7) . This breakthrough, followed by elegant studies, clarified not only the structure of the polysaccharide moiety but provided ideal models, the heptoseless Re mutants, for the study of the chemical structure of the lipid moiety of LPS (6) . Furthermore, these studies gave strong support to the claim that most endotoxic activities reside in the lipid moiety of the LPS. The first such studies were carried out by Tripodi and Nowotny (21) and by Liideritz et al. (7) . Further evidence came from several laboratories (1, 3, 4) .
It has long been postulated that the lipid moiety of the LPS is structurally identical or similar for all Salmonellae (6, 8) or even for all gram-negative LPS molecules. This was questioned by us earlier (12) . The availability of Re mutants of different Salmonella species has enabled us to investigate this possibility by using naturally occurring heptoseless glycolipids. The present paper describes comparative studies on the chemical, immunological, and biological properties of the glycolipids obtained from Salmonella minnesota R595 and Salmonella typhimurium SL1102. Isolation of glycolipids. The lyophilized cells were extracted with a chloroform-methanol (C-M) 4:1 mixture as described (1) . The C-M extract was then precipitated with methanol until the final concentration of C-M was 1:2. The precipitate was again dissolved in C-M (4:1), and this procedure was repeated three times. The final glycolipid products in C-M (4:1) were stored at 5 C.
Determination of biological activities. The samples for biological assays were prepared by evaporating volumes of glycolipid preparations under nitrogen, resuspending in distilled water, and sonicating for 1 min. Addition of one-tenth volume of 9% NaCl adjusted isotonicity. The test of Shwartzman reactivity, nonspecific resistance, mouse lethality (11) , and hypothermia in SJL mice (22) were performed according to the routine procedure used in this laboratory. The Limulus-lysate gelation assay was carried out by the method of Levin et al. (5) .
Chemical analysis. Phosphorus, hexosamine, total fatty acids, and heptose were determined as described before (11). 2-Keto-3-deoxyoctonate (KDO) was determined according to the method of Weissbach and Hurwitz (23) , as modified by Osborn (14) .
Determination of molecular weight. The molecular weight of both glycolipids was determined with a Hitachi model 115 molecular weight apparatus (Coleman Instruments, Maywood, Ill.). Various concentrations of glycolipids were prepared in pure chloroform and the molecular weight was calculated against a standard curve prepared with recrystallized benzil dissolved in chloroform.
Chromatography and electrophoresis. Thinlayer chromatography (TLC), gas-liquid chromatography (GLC), and high-voltage paper electrophoresis (HPE) were performed as described (11) . Thinlayer plates were prepared with silicic acid BioSil A (2 to 10 um). The solvent system used in the TLC experiment was chloroform-methanol-water-concentrated ammonium hydroxide (100:80:20:4). In the quantitative determination of fatty acids by GLC, the peak areas were measured with a planimeter. For HPE studies, samples were hydrolyzed with 5 N HCl for 6 h at 100 C.
Immunological procedures. Rabbit antisera against S. minnesota R595 and S. typhimurium SL1102 cells were prepared according to the procedure described by Kasai and Nowotny (3) . For booster injection, the following preparations were made: lyophilized heat-killed cells were suspended in their respective sonicated glycolipid-containing dispersions (in water). The ratio of bacteria to glycolipid was 100:1 on a dry weight basis. Each mixture was lyophilized and 500 ,g was injected intravenously into each rabbit. The titer of the antisera was determined by passive hemagglutination. Double-gel diffusion and passive hemagglutination were performed as described (11) .
Neutralization of biological activity of endotoxin preparations by antisera. The two glycolipid preparations (hereafter referred to as GL-595 and GL-1102) and LPS from S. minnesota smooth strain were incubated separately in test tubes with the undiluted antiserum prepared against whole cells of S. minnesota R595 for 5 days at 5 C. Details of this methodology were published earlier (13, 15) . The contents of the tubes were vigorously mixed twice daily during this period. After incubation, each mixture was assayed for residual activity by the Shwartzman skin test. Neutralization of the activity was determined by comparing the size of the skin lesions elicited by the endotoxic preparation alone or with antisera.
RESULTS
Isolation of glycolipid. The growth conditions for the cultivation of S. minnesota R595 in a fermentor were also found to be satisfactory for S. typhimurium SL1102. The yield of the glycolipids extracted directly with C-M (4:1) was 3 to 4% of the cells on a dry weight basis for both cell types.
Previous studies have shown that GL-595 could be separated on TLC plates developed in a solvent system of chlorform-methanol-waterammonium hydroxide (100:50:8:4) into four adjacent fractions, a, b, c, and d (1) . When the fractions were isolated and reexamined with the same TLC system, each fraction still contained the other components. Comparative analysis revealed that a, b, c, and d carried all biological activities, whereas other fractions were inert. These four fractions were also similar in chemical composition. This chromatographic system was used to compare cjL-1102 under the same TLC conditions to GL-595. GL-1102 and GL-595 gave identical chromatographic patterns (Fig.  1) . It was also noted that other fractions observed before in our previous glycolipid preparations from S. minnesota were not found in the present preparations of GL-595 and GL-1102, indicating that the modified fractionation procedure with repeated methanol precipitation improved the purity of the glycolipids.
Analysis of the glycolipids. The chemical analysis (Table 1) indicated that both glycolipid preparations were devoid of heptose. The molar ratios for KDO, hexosamine, fatty acids, and phosphorus in GL-595 were similar to previously reported data (1) for the purified fractions of the glycolipid from S. minnesota R595. In GL-1102, higher molar ratios of phosphorus-hexosamine and fatty acids-hexosamine were found. However, the KDO-hexosamine ratios were almost identical for both glycolipids.
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The results of GLC ( Fig. 2) revealed that both GL-595 and GL-1102 contained the same major fatty acids, i.e., lauric, myristic, palmitic, and 3-hydroxymyristic acids. The respective ratios of these acids in the two glycolipid preparations, however, were not the same, since GL-1102 contained more myristic and 3-hydroxymyristic acid than the GL-595 (Table 2 ).
To further compare the composition of 13 GL-1102 and GL-595, the glycolipids were hydrolyzed with 5 N HCl for 6 h at 100 C and the products in the hydrolysates were analyzed by HPE. The hydrolysates of GL-1102 and GL-595 appeared to contain similar amino compounds (Fig. 3) . These included aspartic acid, glutamic acid, some neutral amino compounds, glucosamine, ethanolamine, and highly basic amine(s) (Fig. 3a) . On electrophoretogram stained with AgNO3 for the detection of reducing carbohydrates ( Fig. 3b) , hydrolysates of GL-1102, and GL-595, again showed the presence of analogous components. These components had the mobility of glucosamine and glucosamine phosphates.
It was also noted that amine(s) which appeared to be highly basic, as evidenced by their fast movement to the cathode at pH 5.6, could be removed by HPE from both GL-595 and GL-1102 without hydrolysis (Fig. 3a) . When GL-595 was first subjected to HPE and then recovered from the paper, it was found that the recovered glycolipid remained active in the Shwartzman skin test (Fig. 4) and showed a similar pattern in TLC as before. The amines removed from glycolipids were found to be inactive in the Shwartzman skin test.
The molecular weight of GL-595 was determined to be between 15,000 and 18,000 (Fig. 5 ).
-.
The value of the molecular weight remains rather constant over the range of concentration used in the determination (Fig. 5) osamine are similar ( Table 1 ). The total nitrogen-hexosamine ratios, again, are in proximity. The ratios indicate also that in both glycolipids, primary amine groups account for the majority of the total nitrogen analyzed. Table 3 . Both preparations injected at the same concentration range elicited comparable reactions, with GL-595 appearing to be more active.
We have previously observed that the glycolipid from S. minnesota R595 clotted Limulus lysate as actively as LPS (1) . In the present studies, GL-1102 was also found to show this activity (Table 3) , although the minimal concentration of GL-1102 needed to gel the lysate was not in the same range as that of GL-595.
Glycolipids obtained from R595 have been repeatedly found in our laboratories to have low toxicity in ICR mice as compared to LPS (1, 21) . The mean lethal dose of GL-1102 in the same mouse strain was found to be higher than 2.5 mg, indicating similar low toxicity.
It has been shown (21) that bacterial LPS and glycolipid enhanced the nonspecific resistance of host against infection. Good protection has also been observed in mice injected 24 h before a challenge of Salmonella typhi 0901 cells with nanogram level of glycolipid from S. minnesota R595. A similar phenomenon of elevated nonspecific resistance could also be induced by GL-1102 (Table 3 ). The dose of GL-595 and GL-1102 which gave 50% protection was determined to be 4.4 x 10-4 and 6 x 10-3g, respectively, indicating a somewhat higher activity for GL-595.
Immunological studies. From the results of passive hemagglutination (Table 4) , it was obvious that both GL-595 and GL-1102 cross- reacted with antiserum prepared against S. minnesota R595 as well as with antiserum against S. typhimurium SL1102. Whereas LPS of Serrratia marcescens did not cross-react, a fraction of lipid A, "RESI", prepared from it by Chang and Nowotny (Immunochemistry, in press), appeared to do so. Similar "RESI" preparations were obtained from Pseudomonas fluorescens and Escherichia coli 0127 lipid A precipitates. These "RESI" preparations reacted in gel diffusion with the above antisera. The existence of cross-reactions suggests immunochemical similarity between GL-595, GL-1102, and "RESI" from the above strains. Figure 6 shows the gel-diffusion pattern obtained by using anti-R595 serum against GL-595, GL-1102, and S. marcescens "RESI" fraction. There were two precipitation lines formed between each glycolipid preparation and the antiserum, and the lines clearly reveal antigenic identity between the two glycolipids. Attempts were also made to neutralize the Shwartzman reactivity of GL-595 and GL-1102 with the antiserum prepared against the whole cells of S. minnesota R595. Total inhibition of the Shwartzman reactivity of both glycolipids by the antiserum could be observed (Table 5) . Suppression of the reactivity of the LPS from S. minnesota smooth strain could also be seen; however, no complete neutralization was ob- (2, 9, 19, 20, 24) . Some of these dealt with the genetical aspects (24) , others with the serological cross-reactivity using passive hemagglutination (20) , whereas others studied physico-chemical parameters of LPS molecules (2), and one attempt was made to induce immunity against virulent gram-negative challenges by injecting Re mutants (9) .
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GL-595 and GL-1102, i.e., the four-band patextractability of the glycolipids of S. tern (Fig. 1) , suggests a structural similarity Lurium SL1102 with the C-M (4:1) mix-between the two glycolipids. ) previously used for the extraction of the The results of chemical analysis (Table 1) pid of S. minnesota R595 has demon-indicate that GL-595 and GL-1102 contain simiLthe versatility of the solvent system in lar major components: KDO, fatty acids (FA), xic glycolipid extraction. phosphorus (P), and hexosamine (HexN). The ratio of KDO-P-HexN components in GL-1102, although appearing to be in the same range, clearly reveal quantitative differences. The observation of higher P-HexN and FA-HexN G L-1102 ratios in GL-1102 than those in GL-595 suggests
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that the distribution of P and FA differs within the respective glycolipids. It has been suggested that phosphodiester (10), pyrophosphate, and glycosidic linkages exist between hexosamines in the lipid moiety of lipopolysaccharide (6, 12) . Coleman molecular weight apparatus model 3-hydroxymyristic acids as major fatty acids ,-595: S. minnesota R595 glycolipid; GL-1102: (Fig. 2) . The ratio of these fatty acids deterimurium SL1 102 glycolipid. mined in GL-595 (0.94:0.94:1.30:2.8) ( Table 2) strains endoto: The typhim ture (1) glycolif strated endoto: ENDOTOXIC is similar to that (1:1:1:3) found in the glycolipid extracted from the same mutant cells with phenol-chloroform-petroleum ether solvent mixture by Rietschel et al. (17) . The same authors also reported that there are six fattyacid residues per two hexosamine units, namely, one lauric, one myristic, one palmitic, and three 3-hydroxymyristic acids (17) , which is in agreement with our findings (Tables 1 and 2 ). In the case of GL-1102, there are seven fatty acid residues per two hexosamine units (Table  1) ; the extra fatty acid is most probably myristic acid ( Table 2) .
The most striking difference observed be- tween the glycolipids appears to be their respective behavior in the determination of molecular weight, using the vapor tension depression principle. The independence of molecular weight of GL-595 on its concentration is comparable to neutral lipids such as tripalmitin. On the other hand, the increase in molecular weight value of GL-1102 with its concentration is analogous to the behavior of polar lipids such as dipalmityl lecithin and a-L-lecithin. Accordingly, one of our assumptions is that GL-1102 may exist in a more polar form and tend to aggregate at higher concentration.
The results of HPE ( Fig. 3a and b) showed a similarity between GL-1102 and GL-595. Highly basic amines, migrating with spermidine, were found repeatedly in both GL-595 and GL-1102. The removal of these amines by HPE did not alter the Shwartzman activity (Fig. 4) and TLC behavior of GL-595. These amines seemed to be present as loosely bound contaminants in the glycolipid preparations. Total hydrolysis of GL-1102 and GL-595 yielded components that showed indistinguishable patterns when subjected to HPE (Fig. 3a and b) . As in previous LPS investigations (12) , it was shown that both GL-1102 and GL-595 contained aspartic acid, glutamic acids, glucosamine, glucosamine phosphate, ethanolamine, and neutral primary amino compounds. Further analysis of these neutral components is in progress in our laboratories.
If the GL-595 and GL-1102 are indeed structurally similar, the formation of antibodies cross-reacting against them might be expected. Table 3 . eRabbit antiserum prepared against S. minnesota R595 cells.
tS. typhimurium SL1102 glycolipid.
The results of serological studies indicate the existence of identical immunodeterminant groups on the two glycolipids (Fig. 6 ). Crossreactivity between the glycolipids of different Re mutants, as shown by the passive hemagglutination test, has recently been reported (20) . This is the first time that cross-reactivity and identity between two Re glycolipids has been shown by the Ouchterlony test (Fig. 6) .
In the same assay, the so-called "lipid A" preparations from S. marcescens, E. coli 0127, and P. fluorescens also showed reactivity with the anti-S. minnesota R595 serum and anti-S. typhimurium SL1102 serum. This suggests that cross-reacting immunodeterminant groups may be present in the lipid moiety of LPS of various bacterial species.
We reported previously (13) that in vitro incubation of endotoxic preparations with homologous hyperimmune antisera results in a neutralization of endotoxic effects such as Shwartzman skin reactivity, pyrogenicity, and lethality. At the same time, the antibodydetoxified endotoxin maintained its nonspecific resistance enhancing effect. Results of continued experiments indicated that the hyperimmune antiendotoxin serum contains an immunoglobulin component, which is not anti-0 but is directed against the toxic moiety of the endotoxin (15) .
In the present studies, antibodies against the lipid moiety neutralized Shwartzman reactivity. Anti-S. minnesota R595 eliminated this toxic manifestation not only of R-595 glycolipid, but fully neutralized SL-1102 glycolipid also. An incomplete but significant inhibition of S. minnesota smooth LPS activity was also demonstrated (Table 5) .
It has been shown that KDO is the main serological determinant in the glycolipids of S. minnesota R595 (18) , and it is not involved in endotoxic activities (16) .
Our present results suggest the existence in the anti-R595 antiserum of antibodies directed at the toxic groups, since the antiserum has also shown serological reactions with "RESI", a fully active component of the "lipid A" preparation from S. marcescens with practically no KDO content. Regardless of the immunodeterminant structure on the glycolipid, the antiserum will be expected to react with LPS provided it contains the same Re glycolipid as the major underlying structure, as long as it is accessible. Preliminary results have indicated that the antiserum suppresses the Shwartzman activity of LPS from S. minnesota smooth form ( Table  5 ). The effect of the glycolipid antisera on the biological effects of various LPS preparations is currently under investigation in our laboratory.
In summary, although many more similarities than dissimilarities are shown between GL-595 and GL-1102 in our studies, it is obvious that these glycolipids from two different Salmonella Re mutants are not entirely identical.
